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(57) ABSTRACT

A method for inspecting a test object for defects by using an
ultrasonic probe including a transmitter, a wedge, and a
receiver, the method comprising: placing the ultrasonic
probe on the test object; transmitting ultrasound from the
transmuitter into the wedge such that surface waves propagate
along a surface area of the test object; and determining that
there 1s a defect 1n a part of the test object overlapped with
the wedge when the receiver receives an ultrasonic echo,
alter the transmission of the ultrasound by the transmitter, 1n
a time shorter than a time required to receive a front
end-reflected ultrasonic echo produced by reflection of the
surface waves at a front end of the wedge.

3 Claims, 7 Drawing Sheets
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1
INSPECTION METHOD

TECHNICAL FIELD

The present invention relates to a method for inspecting a
test object for defects using an ultrasonic probe.

BACKGROUND ART

Conventional nondestructive methods for ispecting a test
object for defects include those using an ultrasonic probe.
For example, Patent Literature 1 discloses a method for
ispecting a test object for defects present 1n a surface area
(including the surface and near-surface) of the test object
using an ultrasonic probe that includes a transducer having,
a transmitter and a recerver of ultrasound and a wedge
holding the transducer. Specifically, the wedge holds the
transmitter at an angle allowing the ultrasound transmitted
from the transmitter to propagate as surface waves along the
surface area of the test object. In this mnspection method, the
receiver receives an ultrasonic echo produced by the reflec-
tion of the surface waves by a defect present in the surface
area ol the test object, thereby allowing detection of the
defect. The surface area refers to an area with a depth equal
to about once or twice the wavelength of the surface waves
from the surface of the test object.

In mspection methods such as the one described 1n Patent
Literature 1, the surface waves may also be retlected by a
couplant, such as o1l, or a foreign matter adhered to the part
of the surface of a test object that lies 1n front of the wedge
in the propagation direction of the surface waves. The
produced ultrasonic echo will be received by the receiver as
a signal. Thus, 1t 1s diflicult to determine whether an ultra-
sonic echo received by the recerver 1s based on a defect or
any foreign matter on the surface, which can lead to an
increase 1n false detections of defects. In other words, such
a conventional mspection method requires cleaning of the
surface of the ispection zone during the imspection. This
makes the supply of couplant troublesome and thus makes 1t
dificult to obtain a reliable defect detection accuracy.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Publi-
cation No. 2010-54497

SUMMARY OF INVENTION

It 1s an object of the present invention to provide an
ispection method that allows reliable inspection while
improving the accuracy of detecting a defect present 1n a
surface area of a test object.

An 1nspection method according to an aspect of the
present invention 1s a method for inspecting a test object for
defects using an ultrasonic probe that includes a transmitter
for transmitting ultrasound, a wedge holding the transmitter
at an angle allowing the ultrasound transmitted from the
transmitter to propagate as surface waves along a surface
area ol the test object, and a receiver for receiving an
ultrasonic echo produced by reflection of the ultrasound, the
method comprising the steps of: placing the ultrasonic probe
on the test object; transmitting the ultrasound from the
transmitter into the wedge such that the surface waves
propagate along the surface area of the test object; and
determining that there 1s a defect 1n a part of the test object
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overlapped with the wedge when the receiver receives the
ultrasonic echo, after the transmission of the ultrasound by
the transmitter, 1n a time shorter than a time required to
receive a front end-reflected ultrasonic echo produced by
reflection of the surface waves at a front end of the wedge
in a propagation direction of the surface waves.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of an ispection method
according to an embodiment of the present imnvention.

FIG. 2 1s a diagram 1llustrating reception signals A1l and
A2.

FIG. 3 1s a diagram showing a modification of the
inspection method shown 1n FIG. 1.

FIG. 4 1s a schematic diagram of a conventional ispec-
tion method.

FIG. 5 1s a diagram 1illustrating reception signals A3, A4,
and AS.

FIG. 6 1s a schematic diagram showing an ultrasonic
probe and a test object 1n an example.

FIG. 7 1s a graph showing an inspection result of the
example.

DESCRIPTION OF EMBODIMENTS

An 1mspection method according to an embodiment of the
present mnvention will be described with reference to FIGS.
1 to 3. The present inspection method uses surface waves S
to detect a defect present on the surface and near-surface
(hereimaftter, referred to as “surface area™) of a test object T,
such as a steel material. The surface area refers to an area
with a depth equal to about once or twice the wavelength of
the surface waves S from the surface of the test object T.
Specifically, the inspection method uses an ultrasonic probe
1 that includes a transducer 10, a wedge 20, and a casing 30
housing the transducer 10 and the wedge 20, as shown in
FIG. 1.

The transducer 10 includes a transmitter for transmitting,
ultrasound and a receiver for receiving an ultrasonic echo
produced by reflection of the ultrasound.

The wedge 20 holds the transducer 10 at an angle allow-
ing the ultrasound transmitted from the transmitter to propa-
gate as surface waves S (in the form of Rayleigh waves or
SH waves) along the surface area of the test object T. The
wedge 20 1s preferably made of polyetherimide or acrylic
resin, and more preferably made of polyetherimide.

The present mspection method includes a placement step,
an ultrasound transmission step, and a determination step.

In the placement step, the ultrasonic probe 1 1s placed on
the test object T. At this time, the gap between the contact
surfaces of the test object T and the ultrasonic probe 1 1s
filled with a couplant, such as o1l, where the ultrasonic probe
1 1s pressed against the test object T such that the couplant
forms a uniform thin film between the bottom surface of the
ultrasonic probe 1 and the test object T.

In the ultrasound transmission step, the transmitter of the
transducer 10 transmits ultrasound (shown by the dotted
arrow 1n FIG. 1). Part of the ultrasound travels straight
through the wedge 20 and reaches an incident point P (1.¢.
the point of icidence at which the part of the ultrasound
emitted from the center of the transducer 10 enters the
surface of the test object T). Subsequently, the part of the
ultrasound propagates as surface waves S from the incident
point P along the surface area of the test object T. Even when
the couplant 1s between the ultrasonic probe 1 and the test
object T, 1t 1s 1n the form of a uniform thin film between the
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ultrasonic probe 1 and the test object T. Thus, the couplant
reflects almost no ultrasound.

In the determination step, it 1s determined whether there
1s a defect 1 1n the part of the test object T overlapped with
the wedge 20 (directly under the wedge 20). Specifically, at
the determination step, 1t 1s determined that there 1s a defect

{ 1 the part of the test object T overlapped with the wedge
20 when the receiver receives an ultrasonic echo W1, after
the transmission of ultrasound by the transmitter, 1n a time
shorter than the time required to receive a front end-reflected
ultrasonic echo W2 (an ultrasonic echo produced by reflec-
tion of the surface waves S at a front end 22 of the wedge
20 1n the propagation direction of the surface waves S). The
reason why this determination 1s possible will be described
with reference to FIG. 2.

FIG. 2 illustrates a reception signal Al that 1s detected
when the recerver receives the ultrasonic echo W1 produced
by the retlection of the surface waves S by the defect 1 and
a reception signal A2 that i1s detected when the receiver
receives the front end-reflected ultrasonic echo W2. As
shown 1n FIG. 2, the reception signal Al 1s detected earlier
than the reception signal A2 by the receiver. Here, the time
required to detect the reception signal A2 1s measured in
advance. This makes i1t possible to determine, when the
receiver receives the reception signal Al 1n a time shorter
than the detection time for the reception signal A2 (i.e. the
signal based on the front end-reflected ultrasonic echo W2),
that the reception signal Al 1s a signal based on the ultra-
sonic echo W2 produced by the reflection of the surface
waves S by the defect 1 present directly under the wedge 20.

In the wedge placement step, the wedge 20 preferably
includes an absorber 235 disposed at the front end 22 thereof
for absorbing ultrasound, as shown 1n FIG. 3. The use of the
wedge 20 including the absorber 25 will reduce the reflec-
tion of ultrasound (1.e. ultrasound or surface waves S having,
propagated through the wedge 20 and reached the front end
22 of the wedge 20) at the front end 22 of the wedge 20, or
ultrasonic echoes.

Now, a conventional inspection method for detecting
defects will be described with reference to FIGS. 4 and 5.

The conventional inspection method uses an ultrasonic
probe including a transducer 100, a wedge 200, and a casing
300. The ultrasonic probe 1s configured substantially the
same as 1n the above-described embodiment except for the
wedge length 1n a propagation direction of surface waves S.
In the conventional inspection method, a receiver of the
transducer 100 receives an ultrasonic echo W5 produced by
reflection of the surface waves S by a defect 1 present 1n the
part ol a test object T 1n front of the wedge 200 in the
propagation direction of the surface waves S. Here, on the
surface of the test object T, there may also be a couplant m,
such as oi1l, in front of the wedge 200 1n the propagation
direction of the surface waves S, in which case the receiver
will also receive an ultrasonic echo W4 (noise) produced by
reflection of the surface waves S by the couplant m. In other
words, as shown 1n FIG. 5, the receiver of the conventional
inspection method receives a reception signal A3 based on
an ultrasonic echo W3 produced by reflection of the ultra-
sound at a front end of the wedge 200, a reception signal A4
based on the ultrasonic echo W4 produced by the reflection
of the surface waves S by the couplant m, and a reception
signal AS based on the ultrasonic echo W3 produced by the
reflection of the surface waves S by the defect 1. This makes
it difficult to determine whether a signal received by the
receiver 1s based on the ultrasonic echo W5 caused by the
defect 1 or the ultrasonic echo W4 caused by the couplant m.
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In contrast to such a conventional method, the 1nspection
method according to the present embodiment detects the

defect I present 1n the part of the surface area of the test
object T overlapped with the wedge 20 (directly under the
wedge). This allows a couplant m on the part of the surface
of the test object T outside the part directly under the wedge
to cause an ultrasonic echo (noise) that 1s to be detected
outside the inspection zone. Thus, 1t 1s possible to improve
the accuracy of detecting the defect 1 present 1n the surface
area of the test object T.

In addition, the detection accuracy of the defect 1 1s
enhanced by the use of the wedge 20 including the absorber
235, as shown 1n FIG. 3. Specifically, in the present inspection
method, the ultrasonic echo W1 1s produced at the defect T
betore the surface waves S reach the front end 22 of the

wedge 20, and therefore the absorber 235 hardly aflects the
production of the ultrasonic echo W1 caused by

the defect
f. However, 1n the case of detecting the defect 1 1n front of
the wedge 200 1n the propagation direction as in the above-
described conventional method, use of a wedge including an
absorber would reduce the surface waves S propagating
beyond the wedge. Consequently, the ultrasonic echo pro-
duced at the defect I would become considerably weaker.
Thus, the use of the wedge 20 including the absorber 25 1s
particularly eflective in the present inspection method of
detecting the defect T present 1n the part directly under the
wedge 20.

The disclosed embodiment 1s exemplary 1n all respects
and should not be regarded as restrictive. The scope of the
present mnvention 1s indicated by the scope of the claims and
not by the description of the embodiment provided above,
and includes all modifications within the same sense and
scope as the claims.

For example, a transducer including a transmitter and a
transducer mcluding a receiver may be configured as sepa-
rate units.

EXAMPL

(Ll

Now, an example of the present inspection method will be
described with reference to FIGS. 6 and 7.

As shown i FIG. 6, an ultrasonic probe 1 including an
absorber 25 was used m the example. A wedge 20 has a
dimension D of 10 mm from an incident point P to a front
end 22. A steel matenial, having a horizontal hole (flat
bottom hole) as a defect 1, was used as a test object T. In the
example, a transmitter transmitted ultrasound with a fre-
quency of 2 MHz for four consecutive cycles. The reception
signals detected at that time 1s shown in FIG. 7. In FIG. 7,
negative values of the detection signals are reflected as
positive values. In the example, because the test object T
was a steel material, the wavelength A of surface waves S
was about 1.5 mm.

In FIG. 7, the signal a indicates transducer reverberations,
and the signal v indicates a reception signal detected when
a receiver recerved the front end-reflected ultrasonic echo
W2. Thus, the inspection zone ranges from the signal o to
the signal v (over about seven consecutive cycles in the
example). In the example, a signal p was clearly detected 1n
the mspectlon zone, the signal {3 indicating the reception by
the receiver of an ultrasonic echo produced by reflection of
the surface waves S by the horizontal hole.

As can be seen from the above result, the wavelength of
the ultrasound transmitted by the transmitter 1s desired to
have a value falling 1n the range between the signal o and
the signal v. In other words, the dimension D 1s set such that
the inspection zone 1s equal to or greater than the wavelength
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of the ultrasound transmitted by the transmitter. The inspec-
tion zone 1s desired to have a length equal to or greater than
the sum of the length of a pulse (four wavelength cycles in
the example) transmitted by the transmitter and one wave-
ength.

The described embodiment will now be summarized.

The inspection method according to the above-described
embodiment 1s a method for inspecting a test object for
defects using an ultrasonic probe that includes a transmuitter
for transmitting ultrasound, a wedge holding the transmuitter
at an angle allowing the ultrasound transmitted from the
transmitter to propagate as surface waves along a surface
area ol the test object, and a receiver for receiving an
ultrasonic echo produced by reflection of the ultrasound, the
method comprising the steps of: placing the ultrasonic probe
on the test object; transmitting the ultrasound from the
transmitter nto the wedge such that the surface waves
propagate along the surface area of the test object; and
determining that there 1s a defect 1n a part of the test object
overlapped with the wedge when the receiver receives the
ultrasonic echo, after the transmission of the ultrasound by
the transmitter, 1n a time shorter than a time required to
receive a front end-reflected ultrasonic echo produced by
reflection of the surface waves at a front end of the wedge

in a propagation direction of the surface waves.

Unlike the conventional method which detects a defect
present 1n the part of the surface area of the test object in
front of the wedge 1n the propagation direction of the surface
waves, the present ispection method detects a defect pres-
ent 1n the part of the surface area overlapped with the wedge
(directly under the wedge). Here, even when a couplant,
such as oil, 1s between the wedge and the test object, the
couplant 1s 1n the form of a uniform film between the wedge
and the test object. Thus, the couplant reflects almost no
ultrasound. In addition, the time required before the receiver
receives the front end-reflected ultrasonic echo can be
uniquely determined by the structure of the ultrasonic probe.
This makes it possible, when the receiver receives an
ultrasonic echo, after the transmission of ultrasound by the
transmitter, 1n a time shorter than the time required to
rece1ve the front end-retlected ultrasonic echo, to determine
that the ultrasonic echo has been produced by reflection of
the surface waves by the defect present directly under the
wedge, 1.e. there 1s a defect 1n the part of the test object
overlapped with the wedge. As can be seen from the above,
the present inspection method can reduce the ultrasonic echo
(noise) caused by the couplant applied on the surface of the
test object. This reduces false detections, thus improving the
defect detection accuracy.

In this case, it 1s preferred that in the wedge placing step,
the wedge includes an absorber disposed at the front end
thereol 1n the propagation direction for absorbing the ultra-
sound.

The ultrasound transmitted from the transmitter propa-
gates through the wedge and 1s reflected by the front end of
the wedge to thereby also produce an ultrasonic echo. The
ultrasound propagating through the wedge 1s liable to be
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detected as noise, because it 1s faster than the surface waves
used for the inspection. However, the placement of the
absorber at the front end reduces the noise, thus enhancing
the defect detection accuracy. Specifically, in the present
ispection method, an ultrasonic echo i1s produced at the
defect before the surface waves reach the front end of the
wedge, and therefore the absorber hardly aflects the pro-
duction of the ultrasonic echo caused by the defect. How-
ever, 1n the case of detecting a defect 1n front of the wedge
in the propagation direction as in the conventional method,
use of a wedge including an absorber would reduce the
surface waves propagating beyond the wedge. Conse-
quently, the ultrasonic echo produced at the defect would
become considerably weaker. Thus, the use of the wedge
including the absorber 1s particularly effective 1n the present
inspection method of detecting a defect present 1n the part
directly under the wedge.

It 1s also preferred in the above-described inspection
method that 1n the wedge placing step, the wedge 1s made of
polyetherimide.

In the method according to the present invention, the
ultrasound propagates a long distance through the wedge,
and 1s therefore greatly attenuated by the wedge. Thus, the
wedge 1s preferably made of a material capable of prevent-
ing ultrasound attenuation. For the contact inspection
method, the matenial 1s also desired to have a high wear
resistance. It 1s therefore desired to use a wedge made of
polyetherimide meeting these conditions.

The mvention claimed 1s:

1. A method for mspecting a test object for defects using
an ultrasonic probe that includes a transmitter for transmuit-
ting ultrasound, a wedge holding the transmuitter at an angle
allowing the ultrasound transmitted from the transmitter to
propagate as surface waves along a surface area of the test
object, and a receiver for receiving an ultrasonic echo
produced by reflection of the ultrasound, the method com-
prising the steps of:

placing the ultrasonic probe on the test object;

transmitting the ultrasound from the transmitter into the

wedge such that the surface waves propagate along the
surface area of the test object; and

determining that there 1s a defect 1n a part of the test object

overlapped with the wedge when the receiver receives
an ultrasonic echo, after the transmission of the ultra-
sound by the transmitter, 1n a time shorter than a time
required to receive a front end-retlected ultrasonic echo
produced by reflection of the surface waves at a front
end of the wedge in a propagation direction of the
surface waves.

2. The method according to claim 1, wherein

in the wedge placing step, the wedge includes an absorber

disposed at the front end thereof 1n the propagation
direction for absorbing the ultrasound.

3. The method according to claim 1, wherein

in the wedge placing step, the wedge 1s made of polyether-

imide.
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